This study describes temperament, personality, and problem behaviors in children with Attention-Deficit Hyperactivity Disorder (ADHD) aged 6 to 14 years. It targets differences between an ADHD sample (N = 54; 43 boys) and a large community sample (N = 465; 393 boys) in means and variances, psychometric properties, and covariation between traits and internalizing and externalizing problems. Parents rated their children on Buss and Plomin's and Rothbart's temperament models, a child-oriented five-factor personality model and also on problem behavior. Relative to the comparison group, children with ADHD presented with a distinct trait profile exhibiting lower means on Effortful Control, Conscientiousness, Benevolence and Emotional Stability, higher means on Emotionality, Activity, and Negative Affect, but similar levels of Surgency, Shyness, and Extraversion. Striking similarities in variances, reliabilities and, in particular, of the covariation between trait and maladjustment variables corroborate the spectrum hypothesis and suggest that comparable processes regulate problem behavior in children with and without ADHD.
Introduction
The behavioral disorder Attention-Deficit/Hyperactivity Disorder (ADHD) is defined by the presence of symptoms of inattention and hyperactivity-impulsivity, to a degree that is maladaptive and inconsistent with the developmental level (American Psychiatric Association [APA], 2000) . ADHD symptoms surface early in life, have lifelong continuity and are increasingly acknowledged as domains that should be assessed dimensionally (Castellanos, 2009; Haslam et al., 2006) . In line with the recognition of the trait-like nature of ADHD, scholars emphasize wide behavioral variability among individuals with ADHD, not only in symptom expression, but also in levels of adaptive functioning, psychiatric comorbidity, and the incidence of behavioral and emotional problems (Wilens, Biederman, & Spencer, 2002) .
Theorists increasingly suggest that the study of temperament and personality traits could substantially improve our understanding of this broad heterogeneity within ADHD.
Two particularly promising avenues have been pinpointed. First, traits are suggested to have of internalizing problems, low Benevolence and Conscientiousness as associated with externalizing behavior, and Imagination as unrelated to the prevalence of problems. Notably, these broadband trait-maladjustment associations are largely comparable to those documented in adult samples (e.g., Krueger, McGue, & Iacono, 2001) .
One important and intriguing research question is to what extent these traitmaladjustment relationships are similar for children with ADHD and children from nonclinical community samples. This question poses a second, more fundamental challenge for current research assessing traits in ADHD: Inquiring to what extent temperament and personality, as viable concepts for the study of typical development, are relevant for the study of clinical syndromes such as ADHD. Although this concern has -to our knowledge -not yet been explicitly raised for ADHD, the generalizability has been assessed and debated for other clinical groups, both for adults and youngsters (De Pauw, Mervielde, Van Leeuwen, & De Clercq, in press; Eisenberg et al., 2010; O'Connor, 2002; Shiner & Caspi, 2003; Van Leeuwen, Mervielde, De Clercq, & De Fruyt, 2007) .
The classic version of the spectrum hypothesis (Shiner & Caspi, 2003) postulates that differences between clinical and non-clinical samples are mainly quantitative (O'Connor, 2002; Van Leeuwen et al., 2007) . This implies that differences between both types of samples are restricted to mean-level differences. Recently, Van Leeuwen et al. (2007) developed a hierarchical framework to examine whether differences between clinical and non-clinical samples could be considered as mainly qualitative or rather quantitative.
This framework provides a hierarchically organized set of extended tests of the spectrum hypothesis, going beyond mere assessment of mean-level differences. At Level 1, means and variances for relevant variables are compared for clinical and non-clinical groups.
Level 2 comparisons target differences in psychometric properties such as reliability and factorial structure of measures, to certify the validity of the interpretation of any mean-level between-group differences. Finally, a comprehensive test of the spectrum hypothesis should also assess the structure of the nomological network in clinical versus non-clinical samples with Level 3 analyses comparing the covariation between relevant variables in both samples.
If tests at each level reveal substantial differences, groups are definitely qualitatively different and in effect incomparable because differences in structure, reliability and the nomological network indicate that the same instrument behaves differently and has a distinct meaning in clinical versus non-clinical groups. By contrast, if all tests, except those for meanmean-level effects, fail to show significant differences, a convincing case can be made for pure quantitative or spectrum-type differences between groups. Of course, most comparisons of groups will uncover a pattern of results that is located in between the opposite poles of this 'qualitative versus quantitative' continuum. In this respect, the successive levels can be seen as more stringent tests of the spectrum hypothesis. For instance, compliance with Level 2 or 3 tests presents a stronger case for spectrum-type differences between groups than the common exclusive focus on Level 1 mean-level differences.
Van Leeuwen et al. (2007) applied this framework to compare a heterogeneous sample of children referred for psychological counseling and therapy (N = 205) to a large nonreferred community sample (N = 596) in terms of personality and problem behavior. Their study generally supported the spectrum hypothesis revealing mainly mean-level differences and few Level 2 or 3 differences. Although Level 3 analyses revealed similar patterns of covariation between traits and problem behavior, the strength of some covariations turned out to be stronger in the referred sample. The referred sample included few children diagnosed with ADHD and therefore these results cannot be generalized to children with and without ADHD. Moreover, the heterogeneous composition of the clinical sample may be partially responsible for the failure of Level 2 and 3 tests.
The present study
The present study adopts this recently developed approach to probe the nature of differences in temperament, personality and their associations with maladjustment between a rather homogeneous group of children with ADHD and a large comparison group. To this end, we implement the extended spectrum hypothesis tests, assessing group differences for means and variances (Level 1), reliability of measures (Level 2), and differences regarding trait-maladjustment covariations (Level 3). Based on previous research on diagnostic trait profiles in ADHD, we expect that substantial Level 1 mean differences will differentiate children with ADHD from the comparison sample. Based on the emergent but only partial empirical support for the spectrum hypothesis (based on heterogeneous referred and nonreferred samples; Van Leeuwen et al., 2007) , we hypothesize that no substantial differences will be found in Level 2 and Level 3 comparisons and hence, that differences between children with ADHD and comparison children will be limited to quantitative differences.
Method

Participants and procedure
An initial ADHD-referred sample of 84 children (mean age 10.61, SD = 2.5) was recruited from two ADHD service centers in Flanders, Belgium, subsidized by the Flemish government to provide information, assistance and counseling to persons with ADHD, their parents, teachers and families. Seventy-four families responded by phone or email to an announcement of this research posted in the newsletter and on the website of the first center.
These families received our set of questionnaires by mail and 60 of them returned the stamped envelopes. Families receiving ADHD counseling from the second center were personally informed about the study by a research assistant. Of 40 eligible families enrolled in the center at that time, 24 mothers participated by completing and returning the questionnaires by mail.
Mothers filled in the set of five questionnaires probing ADHD symptomatology, the two temperament models, five-factor personality and problem behavior in addition to a demographic form supplying extra information about the disorder.
In both samples, eligible children were between 6 and 14 years (without severe cognitive, sensory, motor or medical conditions) who previously received a formal diagnosis of Attention-Deficit/Hyperactivity Disorder, based on DSM-IV-TR (APA, 2000) criteria. The inclusion criteria were verified by means of a short checklist administered by phone or email (first center) or by inspecting the diagnostic records of each client by the research assistant (second center), prior to enrollment in the study. Only children who were reported to be formally diagnosed by a child psychiatrist or pediatrician were included: 74 children were diagnosed by a child psychiatrist, while 10 children received the diagnosis from a pediatrician. These diagnoses (13 of the predominantly inattentive type, 71 of the predominantly hyperactive/impulsive type or combined type) were known for an average of 3.6 years (SD = 2.5). At the time of the study, 70 children used methylphenidate and 53 children (9 of them not using methylphenidate) received psychological and/or speech and language therapy services. The sample is predominantly male (sex ratio 5:1, 14 girls). Chisquare analyses revealed no differences in demographic variables, symptom severity, use of methylphenidate or treatment services between the two ADHD centers.
The comparison sample was extracted from a larger study (N = 974; 496 boys) on the relations between multiple temperament models, five-factor personality and child adjustment.
Undergraduate psychology students individually recruited two families -within their own social environment, excluding first-grade family members -with a child between 6 and 14 years. The families were visited at home and completed the measures in the presence of the student. This sample was reduced by stratified random sampling of 500 children (75 girls; mean age 10.51, SD = 2.6 years) with a chronological age and gender distribution that closely matched the distributions within the ADHD sample. Each mother rated the child's problem behavior whereas temperament and personality questionnaires were equally and randomly divided over mothers and fathers 1 . This research was approved by the local ethics committee and all participants enrolled in this study provided written informed consent.
Instruments
ADHD symptoms
Parents from the ADHD sample completed the Dutch version (Oosterlaan, Scheres, Antrop, Roeyers, & Sergeant, 2000) whereas the Externalizing problems scale aggregates the two syndrome scales of aggressive and rule-breaking behaviors. In addition, scores on the attention problems syndrome scale (10 items) and on the DSM-oriented scale of attention-deficit/hyperactivity problems (7 items) are examined to check for elevated levels of typical ADHD behaviors in the comparison sample.
Creating less heterogeneous clinical and non-clinical groups
Because large heterogeneity within groups could bias the results in support of the spectrum hypothesis, we increased the power of the study by selecting a more homogeneous ADHD and comparison group. All children who did not meet clinical elevations on DBDRSratings of inattention and hyperactivity were omitted (N = 30) from the ADHD sample.
According to Flemish norms (Oosterlaan et al., 2000) , 45 of the 84 originally identified children scored above the clinical threshold for inattention symptoms while 41 of the original group surpassed the clinical threshold for hyperactivity symptoms. Fifty-four children were hence identified as exceeding the clinical threshold on inattention and/or hyperactivity symptoms. Only these 54 children were retained as ADHD sample for the present study.
In addition, all children from the comparison sample with elevated scores on ADHD proxy scales of the CBCL were omitted (N = 35). To identify these children, DBDRS-scores Relative to these age-and gender-appropriate norms, an additional 20 boys and 1 girl showed subclinical elevations and were also excluded from the comparison group.
This procedure hence resulted in the comparison of 54 children with ADHD with 465 children from the general community. All these children were Caucasian and no significant differences were found in demographic variables including age, years of parental education, and occupational status. Children in both the ADHD and comparison sample were on average 10.4 years (SD = 2.5), mothers were on average 39.7 years (SD = 5.0), while fathers were on average 41.8 years (SD = 5.7). All mothers had an average of 13.7 years (SD = 2.1) of education whereas fathers received on average 13.5 years (SD = 2.3) of education. In both samples, 90% of the mothers and 96% of the fathers were employed.
Statistical analyses
The extended spectrum hypothesis tests included the following group-level comparisons. At Level 1, univariate ANOVA's were used to examine mean-level differences in problem behavior, temperament, and personality while Levene's homogeneity of variances tests were carried out to check for variance differences. Level 2 analyses included the computation and comparison of reliability estimates and their 95% confidence intervals for each instrument in both groups, as proposed by Fan and Thompson (2001) . Level 3 analyses, comparing the nomological network of variables in children with ADHD to that in the comparison sample, followed a two-stage process. In a preliminary stage, differences across groups were explored by means of pairwise comparisons of the magnitude of bivariate correlations between temperament, personality, and problem behavior dimensions within each group, after Fisher r to z transformation. However, the large number of comparisons made this stage vulnerable to chance capitalization. Therefore, hierarchical multiple regression analyses (HMRA) were conducted to further examine the independent contributions of group versus temperament or personality variables to problem behavior and to test for differences in trait-maladjustment relationships between children with ADHD and the comparison group.
Separate HMRAs were conducted with temperament or personality as independents, and internalizing versus externalizing problems as dependents. Gender and age were entered in
Step 1 as control variables. In Step 2, main effects for group and trait were calculated by entering the variable 'group' and one of the six temperament domains (Emotionality, Activity, Shyness, Negative Affect, Effortful Control, or Surgency) for the temperament analyses or one of the FFM-dimensions (Emotional Stability, Extraversion, Imagination, Benevolence or Conscientiousness) for the personality analyses. In
Step 3, temperament-by-group and personality-by-group interactions were entered. As recommended by Aiken and West (1991, p. 44) , all variables were standardized to permit an appropriate solution with multiplicative terms. Given the lack of theoretical grounds for trait-by-group interactions, a step-down process dropping non-significant Step 3-interactions (Aiken & West, 1991, p. 105) was applied. In these cases, estimated
Step 2-effects were reported. Significant interactions were plotted and interpreted following Aiken and West (1991) . To correct for multiple statistical tests, a conservative significance level of p ≤ .01 is adopted for all analyses in this study.
Results
Level 1: Group differences in means and variances
As expected and in line with the spectrum hypothesis, substantial mean group differences (summarized in Quantification of the effect sizes with Cohen's d estimates the group differences between ADHD and non-ADHD children as more than 2 SD on Effortful Control, more than 1 ½ SD on Conscientiousness and Benevolence, more than 1 SD on Emotionality, Emotional Stability, and Activity and more than ½ SD on Negative Affect and Imagination.
These results are also corroborated at the more fine-grained facet level 3 , with the largest between-group differences found for the Conscientiousness facet Concentration, d = - Shyness was moderately larger within the ADHD group. The relatively small magnitude of these variance differences however did not infringe ANOVA assumptions.
Level 2: Group differences in psychometric properties
Level 2 estimates of reliabilities are shown in the right panel of Table 1 . The
Cronbach's alpha's for the CBCL, temperament, and personality scales demonstrated acceptable to high levels of internal consistency, ranging from .68 (EATQ-R Effortful Control, ADHD group) to .95 (HiPIC-Conscientiousness, comparison group). Inspection of the confidence intervals reveals overall similarity in reliability, as confidence boundaries of both groups overlap for 10 of the 13 variables. Although all coefficients are deemed as satisfactory, the confidence intervals failed to overlap in three cases, indicating that reliability in the ADHD group is significantly lower than in the comparison group for EATQ-R Effortful
Control and HiPIC Conscientiousness but significantly higher for EAS Activity.
Level 3: Group differences in trait-maladjustment covariation
Remarkable consistency is also found for the Level 3 analyses exploring differences in bivariate correlations between temperament, personality and problem behavior variables. internalizing and externalizing problems across groups, are presented in Table 2 .
As anticipated, Step 2-analyses reveal major main effects for group membership, Five-Factor personality model. Group differences on these variables were assessed at three distinct levels: means and variances (Level 1), reliability of measures (Level 2), and differences in trait-maladjustment covariation (Level 3).
Evidence for the spectrum hypothesis
The study revealed substantial Level 1 mean differences between the ADHD and comparison group but only limited differences for Level 2 psychometric properties and Level 3 comparisons regarding the nomological network. The absence of major Level 2 and Level 3 effects suggests that differences between children with and without ADHD can be conceived as quantitative rather than qualitative, because they are mainly confined to mean-level , 2006; Martel et al., 2008) , the largest differences from the comparison group are for Effortful Control and Conscientiousness, with particularly low scores on the facets Concentration and Attention (more than 2 SD) and on the facets Inhibitory and Activation Control (more than 1½ SD). In contrast with previous research based on the Buss-Plomin model (Finzi-Dottan et al., 2006) , we also find that children with ADHD were rated more than 1 SD higher on Activity than community children. These trait differences show notable correspondences to the core ADHD symptoms of inattention, impulsivity and hyperactivity, hence supporting the suggestion that traits are useful in partly capturing the heterogeneous ADHD symptom expression (Martel, 2009; Nigg et al., 2004) .
Moreover, children with ADHD present with substantially lower Benevolence (more than 1½ SD) and Emotional Stability (more than 1 SD) in personality and higher (about 1 SD)
Emotionality and Negative Affect in temperament. Facet analyses reveal particularly higher irritability, lower compliance and self-confidence, moderately more frustration and anxiety, but similar levels of fear. These results portray children with ADHD as being more difficult to manage because of frequent non-compliance and lower anger and temper control. In addition, children with ADHD tend to experience more emotional distress and lower self-reliance, even though they are not particularly fearful individuals. Children with ADHD also score about ½ SD lower on Imagination than comparison children, in particularly on the Intellect facet.
Contrary to the popular belief that children with ADHD are more 'extraverted', this study confirms previous research (Cukrowicz et al., 2006; Finzi-Dottan et al., 2006; Martel et al., 2008) showing that children with ADHD do not differ from comparison children in Shyness, Extraversion, and Surgency. Theoretically, these traits are conceived as 'activational', incorporating both positive emotions and an energetic approach to the social and material world (Rothbart & Bates, 2006) and traditionally combine both activity and sociability-related scales. However, our results suggest that activity and sociability are differentially expressed in children with ADHD as they differ in energetic levels of motor activity, but not in shyness, gregariousness or expressiveness. As such, these findings emphasize the usefulness of separating activity-from sociability-content when studying childhood traits (Buss & Plomin, 1984; De Pauw et al., 2009) . 
Complementarity of temperament and personality models
Level 2 analyses also support the applicability of a trait approach to ADHD, as acceptable to high reliabilities are found for each instrument in each group and no substantial group differences emerged. These analyses corroborate the accumulating evidence (e.g.,
Caspi & Shiner, 2006; De Pauw et al., 2009; De Pauw et al., in press; Tackett, 2006 ) that both
Buss-Plomin and Rothbart temperament models as well as Five-Factor based personality are reliable and valid languages to describe traits in childhood. Nevertheless, both Level 1 and Level 3 comparisons point towards both similarities and differences among trait 'languages', for example in how each trait model is associated with adjustment problems. This indicates that the three models are neither completely redundant nor totally independent: they share some variance but complement each other as measures of individual differences and as correlates of problem behavior. These model-specific differences caution against assimilating findings solely based on semantic similarity.
Trait-maladjustment relationships in children with ADHD and comparison children
Finally, Level 3 analyses demonstrate that the nomological network of traitmaladjustment relationships is highly similar across children with ADHD and the comparison group. Regression analyses reveal major group effects, showing that children with ADHD, as a group, are at increased risk for externalizing and internalizing problems, but moreover point towards strong independent contributions of temperament and personality. As such, this study is one of the first that empirically supports the suggestion that trait variation helps to explain the varying levels of problems expressed by children with ADHD (Nigg et al., 2004) .
As only five out of 22 trait-by-group interactions are significant, temperament and personality effects are largely consistent across the two groups and generally corroborate the patterns of specificity typically reported by research on trait-maladjustment covariations in This overall similarity in trait-maladjustment covariations suggests that similar processes link traits to psychosocial functioning for individuals with ADHD and for comparison group children and implies that traits are an additional tool to identify ADHD children at risk for developing emotional or behavioral problems. Moreover, the substantial evidence for the extended spectrum hypothesis supports the application of trait-based interventions to children with ADHD, although many more studies are needed to explore and evaluate trait-based interventions. Programs developed to increase Effortful Control (e.g., Rothbart, 2007) or trait-focused parent training (Sheeber & Johnson, 1994) for typically developing children may therefore turn out to be also beneficial for children with ADHD.
Interestingly, we detected one ADHD-specific trait-by-group interaction, suggesting that higher levels of Shyness go together with more externalizing problems in children with ADHD but not in comparison children. This effect was consistently found in regressions including the Shyness scales from the EAS, EATQ-R, and the HiPIC. Analyses at the item level show particularly high correlations in the ADHD group with items such as 'does not know how to behave in social situations', 'does not make friends easily', and 'is not very sociable', whereas correlations with 'pure' shyness-content such as 'tends to be shy' or 'withdraws into him/herself' are continually near zero. Hence, this effect appears primarily related to feelings of discomfort and clumsiness in social situations rather than to shy or withdrawn behaviors. This uneasiness in social contacts might directly relate to impairments in social skills, exhibited by many (but not all) children with ADHD, and hence information on this trait might help to decide whether or not a child with ADHD would benefit from social skills training (e.g., Pfiffner & McBurnett, 1997) in order to avert externalizing problems.
Limitations and Future Directions
Our findings should be interpreted in light of some limitations. investigate longitudinally the pattern of associations and address the underlying processes by which temperament and personality influence children's outcomes. Fourth, no data were available on those families contacted by the ADHD centers who did not choose to participate in the study. Finally, we acknowledge that childhood traits are only one of the many factors related to transactional processes that contribute to the development of problem behaviors.
Future research should therefore explicitly test the relative role of traits compared to other variables such as parenting (e.g., Van Leeuwen et al., 2007) , both in ADHD and in typical development.
In conclusion, this study offers a comprehensive account of the role of traits in a sizeable sample of children with ADHD compared to children from a large general community sample. The analysis of group differences reveals important mean-level differences. In addition, a series of extended tests corroborate the spectrum hypothesis because the observed similarities between both groups and in particular the similarity of the nomological network suggest comparable links between traits and maladjustment in children with ADHD and typically developing children. These findings substantiate the value of a trait approach to ADHD, assessing both temperament and personality traits, to predict and explain varying levels of problem behaviors in children with ADHD. 
